The total cross section for Higgs boson production in bottom-quark annihilation is evaluated at next-to-nextto-leading order in QCD. This is the first time that all terms at order ␣ s 2 are taken into account. We find a greatly reduced scale dependence with respect to lower order results, for both the factorization and the renormalization scales. The behavior of the result is consistent with earlier determinations of the appropriate factorization scale for this process of F ϷM H /4, and supports the validity of the bottom parton density approach for computing the total inclusive rate. We present precise predictions for the cross section at the Fermilab Tevatron and the CERN Large Hadron Collider.
I. INTRODUCTION
The search for the Higgs boson will be a top priority of the CERN Large Hadron Collider ͑LHC͒. The LHC's discovery potential for the standard model Higgs boson fully covers the mass range from the experimental lower bound established by the CERN e ϩ e Ϫ collider LEP experiments (M H տ114 GeV) up to M H Ϸ1 TeV, beyond which the concept of the Higgs boson as an elementary particle becomes questionable. In addition, the Fermilab Tevatron could find evidence for or even discover the Higgs boson if M H Շ180 GeV and if sufficient luminosity ͓1͔ can be collected.
The theoretical description of the signal processes for standard model Higgs boson production is under good control. For a review, see Ref. ͓2͔ . The dominant production mode is gluon fusion, for which the next-to-next-to-leading order ͑NNLO͒ corrections are now available ͓3,4͔ and have recently been reconfirmed by Ref. ͓5͔ . The radiative corrections for the weak boson fusion channel ͓6͔ and associated production with a weak gauge boson ͓7͔ have been known for several years, rendering the theoretical uncertainty in these processes very small. Recently, next-to-leading order ͑NLO͒ corrections have also been evaluated for Higgs boson production in association with top quarks ͓8-11͔, resulting in a drastic reduction of the scale uncertainty.
These results can be used for supersymmetric Higgs boson production as well. However, because of the enriched particle spectrum in supersymmetric extensions of the standard model, they provide only a part of the full production rate in general. Additional contributions arise through intermediate supersymmetric partners ͓12͔ and modified couplings of the standard model particles. In order to avoid unnecessary generalizations, we will focus on the minimal supersymmetric standard model ͑MSSM͒ for the rest of this paper ͑see, e.g., Ref. ͓13͔ for an outline of the MSSM͒. The extent to which our results can be transferred to other models should be clear from this discussion.
The MSSM contains two Higgs doublets, one giving mass to up-type quarks and the other to down-type quarks. The associated vacuum expectation values are labeled v u and v d , respectively, and they determine the MSSM parameter tan␤ ϵv u /v d . After spontaneous symmetry breaking, there are five physical Higgs bosons, whose mass eigenstates are denoted by h ͑''light scalar''͒, H ͑''heavy scalar''͒, H Ϯ ͑''charged scalars''͒, and A ͑''pseudoscalar''͒. One interesting consequence of this more complicated Higgs sector is that, compared to the standard model, the bottom quark Yukawa coupling can be enhanced with respect to the top quark Yukawa coupling. In the standard model, the ratio of the t tH and bb H couplings is given at the tree level by t SM / b SM ϭm t /m b Ϸ35. In contrast, in the MSSM, it depends on the value of tan ␤. At leading order,
where ␣ is the mixing angle between the weak and the mass eigenstates of the neutral scalars. A value of tan ␤ as large as 30Ϫ40 could be accommodated fairly naturally in the MSSM. Such an enhancement would have ͑at least͒ two important consequences. The first is that in the gluon fusion mode it is no longer sufficient to consider top quark loops as the only mediators between the Higgs boson and the gluons; one must also include the effects of bottom quark loops ͑see Fig. 1͒ . Since one cannot justify the use of an effective field theory in which the bottom quarks are integrated out, this involves computing massive multi-loop diagrams. While the massive NLO calculation ͑including massive two-loop virtual diagrams͒ was performed some time ago ͓14͔, the NNLO result ͑requiring up to three loops for the virtual correction͒ is still beyond the limits of current calculational technology. The second consequence is that Higgs boson production in association with bottom quarks can become an important channel: pp →bb (p ͕p, p ͖ and ͕h,H,A͖ here and in what follows͒. At first sight, the evaluation of the corresponding cross section is in close analogy to the process pp →t t. But this is only true if the bottom quarks are observed in the detector, and are thus restricted to large transverse momenta. If at least one of the bottom quarks escapes detection, the production rate must be integrated over all transverse momenta of this bottom quark. Since the Higgs boson is much heavier than the bottom quark, this integration leads to collinear logarithms, ln(m b /M ), which require a more careful analysis than in the case of t t production.
The subject of this paper is the precise prediction of the total cross section for Higgs boson production in association with bottom quarks, where neither bottom quark need be detected. This requires integrating over the transverse momenta of both final state bottom quarks. Each integration gives rise to collinear logarithms of the kind mentioned above. Since the bottom quarks may remain undetected, it is more appropriate to view our result as a part of the total inclusive Higgs production rate (pp →ϩX). In order to emphasize this point, we shall henceforth denote the fully inclusive process mediated through bottom-antibottom annihilation as pp →(bb )ϩX.
Our calculation is based on the approach of Refs. ͓15-17͔, where the leading-order ͑LO͒ partonic process is taken to be bb →. We will refer to this as the variable flavor number scheme ͑VFS͒ approach in what follows, as opposed to the fixed flavor number scheme ͑FFS͒ approach, where the tree-level process gg→bb is taken as the lowest-order contribution and bottom quarks cannot appear in the initial state. The initial state bottom quarks in the VFS approach arise ͑predominantly͒ from gluon splitting in the proton, parametrized in terms of bottom quark parton distributions ͓18 -28͔. In this way, the large collinear logarithms that arise due to the fact that the colliding gluons carry a momentum of the order of M /2ӷm b can be resummed through DGLAP evolution. The convolution of these bottom quark densities with the partonic cross section leads to the hadronic cross section ͓ pp →(bb )ϩX͔.
This process has been a subject of interest for some time.
It is currently known up to NLO in the VFS approach ͓15-17,19,29,30͔. In the FFS approach, the calculation is analogous to t t production, which is also known to NLO ͓8 -11,31-33͔. The case where one bottom quark is tagged has been computed at NLO in Ref. ͓34͔; in that case, the LO process in the VFS approach is bg→b. There has been an ongoing discussion as to the relative merits of the VFS and FFS approaches ͓16,17,34 -37͔, especially because the results of the two approaches disagree by more than an order of magnitude for the scale choice F ϭ R ϭM , where F and R are the factorization and the renormalization scales, respectively. Recently, it has been argued ͓17͔, that the proper factorization scale for this process should be F ϷM /4 instead of M . Indeed, for this choice, the disagreement between the VFS and the FFS approach is significantly reduced. The result of our paper demonstrates the self-consistency of the VFS approach and confirms the proposed factorization scale of Ref. ͓17͔ as the appropriate choice.
Given the considerations above, the motivations for a NNLO calculation are manyfold. One is to examine the assertion that F ϷM /4 is the proper choice for this process at NLO ͓17,38͔. If the higher order corrections are minimal at that scale, this would be a strong argument in favor of the validity of the VFS approach to (bb ) production. A second motivation, as will be discussed in more detail below, is that the NNLO terms play an exceptional role in the VFS approach to (bb ) production due to the fact that they are the first to consistently include the ''parent'' process, gg →bb , and thereby sample the same range of bottom quark transverse momenta as the LO FFS approach. A third and perhaps dominant motivation for the NNLO calculation is to reduce the sensitivity of the calculation to the unphysical scale parameters F and R , thereby removing a significant source of uncertainty from the theoretical prediction.
In this paper we will present results for the process pp →(bb )ϩX at NNLO. As will be shown, they nicely meet all expectations concerning their dependence on the renormalization and factorization scales, thus providing a solid prediction for the total cross section at the LHC and the Tevatron. The inclusive production cross section could have phenomenological implications for the observation of the supersymmetric H and A bosons, for example, in the H/A → ϩ Ϫ decay mode. The organization of the paper is as follows. In Sec. II we discuss the VFS approach to computing the pp →(bb ) ϩX process and its motivations. In Sec. III we describe the actual calculation and in Sec. IV we present our numerical results. Analytic results for the partonic cross sections are presented in the Appendix.
II. THEORETICAL DESCRIPTION OF THE PRODUCTION RATE
In the FFS approach, the LO partonic process for the production of a Higgs boson in association with a bottom quark pair is of order ␣ s 2 . A few typical diagrams are shown in FIG. 1. For large tan ␤, the bottom quark contribution to the gluon fusion process can be comparable to the top quark contribution. Fig. 2 . Because of the large mass difference between the bottom quark and the Higgs boson, the total cross section contains large logarithms of the form
where is of the order of M . More precisely, every onshell gluon that splits into a bb pair with an on-shell bottom quark generates one power of that logarithm. Thus, Figs n are resummed to all orders in n. This resummation can be achieved by introducing bottom quark parton distribution functions which contain all the collinear terms arising from the splitting of gluons into bb pairs ͓18 -28͔. This constitutes the motivation for using the VFS approach.
Convolving the tree-level process of Fig. 3͑a͒ with these bottom quark distributions will resum the leading logarithms of the form (
n , nу0. In order to retain subleading logarithms, one has to compute higher orders. For example, including the NLO contributions with all the relevant subprocesses (bb →, bb →g, gb→b, and gb →b ), resums the terms of order ␣ s
n , it is necessary to evaluate the cross section up to NNLO.
Let us briefly review the idea of the VFS in its simplest form. Assume n ᐉ ϭn f Ϫ1 massless quark flavors and one massive quark flavor of mass m h . First, one defines parton densities f i (n ᐉ ) (x,Q 2 ) for the gluon (iϭg) and the massless flavors (iϭ1, . . . ,n ᐉ ) in the standard way, obeying DGLAP evolution with n ᐉ active flavors. The heavy quark density f n f (n ᐉ ) (x,Q 2 ) is assumed to vanish. Partonic processes involving the heavy quark should be evaluated by keeping the heavy quark mass. This is called the n ᐉ -flavor scheme. At a certain scale h 2 , one relates the n ᐉ -to the n f -flavor scheme by defining initial conditions for new parton densi-
The C i j are determined by the requirement that physical quantities are the same ͑up to higher orders in ␣ s ) in both the n ᐉ -and the n f -flavor scheme. ͑This requirement may be implemented asymptotically or using mass dependent terms ͓20,21,24,25͔.͒ Above the matching scale, the DGLAP evolution of the f i (n f ) (x,Q 2 ) (iϭg,1, . . . ,n f ) is performed with n f active flavors.
In general, one assumes the n ᐉ -flavor scheme at scales Q 2 Շm h 2 and switches to the n f -flavor scheme at larger values of Q 2 . It is also convenient to choose the matching scale in Eq. ͑3͒ as h 2 ϭm h 2 , which avoids the occurrence of logarithms of m h / h .
For our purposes, m h 2 /Q 2 ϳm b 2 /M 2 Շ0.003, so threshold effects from the matching prescription should be minimal. For the same reason, it is justified to neglect the bottom quark mass in the partonic process ͑apart from Yukawa couplings, of course͒. Indeed, masses must be neglected for initial state bottom quarks in order to avoid violation of the Bloch-Nordsieck theorem ͑and the consequent failure to fully cancel infrared divergences͒ at NNLO and beyond ͓39͔. In order to make the following discussion more transparent, let us write the fully inclusive (bb ) production rate in the VFS approach schematically as follows:
The sum over n is implicit in the parton densities. A LO calculation determines the coefficients c n0 , while NLO adds the coefficients c n1 . Note that the subprocess bg→b does not fully determine the coefficients c n1 ; in order to obtain the correct resummation at ␣ s n l b nϪ1 (nу2), one has to include the real and virtual corrections to the bb → subprocess as well. In the same way, the sum of all subprocesses that contribute at second order determines c n2 (nу0), and thus all terms associated with the order ␣ s 2 (␣ s l b ) n . The NNLO result is thus the first to include all terms of order ␣ s 2 ͑as well as higher order terms resummed in the parton distribution functions͒. Higher orders in perturbation theory correspond to the coefficients d nk ; their l b terms are-formally-completely contained in the parton densities. This illustrates once more the exceptional role of the NNLO corrections in this approach.
The leading order terms were evaluated by Eichten et al. ͓29͔ . The leading bg and gg initiated processes ͓Figs. 3͑c͒ and 2͑a͔͒ were subsequently added by Dicus and Willenbrock ͓15͔. Ten years later, Dicus et al. ͓16͔ ͑see also Ref.
͓35͔͒ computed the full NLO contribution to bb → ͑and related subprocesses͒, which leads to the single logarithmically suppressed term c n1 for all nу0. Setting the renormalization and the factorization scale equal to M ( R ϭ F ϭM ), they found that the O(␣ s )-corrections to the bb → subprocess and the contribution from the tree level bg →b subprocess are quite large, but of opposite sign. This leads to large cancellations which are particularly drastic at the LHC. They also observed that the contribution from bg →b becomes especially large at Higgs boson masses below Ϸ150 GeV, meaning that logarithmically suppressed terms become important in this region.
Recently, Maltoni et al. ͓17͔ revisited the NLO calculation in the light of Ref. ͓38͔, which gives an argument for the proper choice of the factorization scale when using the bottom quark density approach. Following that argument, they determined the factorization scale for the (bb ) process to be F ϷM /4. With this choice, both the NLO corrections from the gb and the bb initiated process turn out to be very well behaved.
As we will show in Sec. IV, the behavior of the NNLO corrections confirms this choice of scale at NLO, in the sense that the perturbation theory up to NNLO is very well behaved for this choice. This supports the method of Refs. ͓17,38͔ ͑see also Ref. ͓40͔͒ for determining the factorization scale in the VFS approach at lower orders. For the process under consideration, it turns out that the dependence on the unphysical scales of the NNLO result is so weak that the discussion on the proper scale choice becomes irrelevant. The overall conclusion is that the prediction for Higgs boson production in bottom quark fusion is now under very good control.
III. OUTLINE OF THE CALCULATION
As discussed before, we will neglect the bottom quark mass everywhere except in the Yukawa couplings. The calculation is thus completely analogous to, say, Drell-Yan production of virtual photons ͓3,41͔: One evaluates virtual and real corrections to Higgs boson production in bb , gb, gg, bb, qb andscattering ͑and the charge conjugated processes͒ and then performs ultraviolet renormalization and mass factorization.
The subprocesses to be evaluated at the partonic level are given as follows (q͕u,d,c,s͖): up to two loops: bb → ͓Fig.3͑ a͔͒ up to one loop: bb →g, gb→b ͓Figs.3͑ b͒,3͑c͔͒ at tree level: bb →gḡ , bb→qq , bb →bb , gb→gb, bb→bb, bq→bq ͓Figs.4͑ a͒ -4͑f͔͒ gg→bb ͓Figs. 2͑a͒ -2͑c͔͒,→bb ͓Fig.2͑ d͔͒.
We compute the two-loop virtual terms by employing the method of Refs. ͓42,43͔, which maps them onto three-loop two-point functions. In this way, they can be reduced to a single master integral, using the reduction formulas given in Refs. ͓44,45͔. The master integral has been computed in Ref.
͓46͔. The pole parts of this ''bb form factor'' can be compared to the general formula of Refs. ͓47,48͔ which provides a welcome check. For the generation of the diagrams we use QGRAF ͓49͔ as embedded in the automated system GEFICOM ͓50,51͔ ͑see also Ref.
͓52͔͒.
The one-loop single emission processes are obtained by computing analytically the full one-loop amplitudes, which are then interfered with the amplitudes of the tree-level processes. The two-particle phase space integrals are also com-puted analytically.
For the tree-level double emission processes, we express the matrix elements and phase space measures in terms of the variable xϭM 2 /ŝ , where ŝ is the center of mass energy. Then we expand the integrands in terms of (1Ϫx) ͓3͔. This leaves us with only one nontrivial phase space integral, independent of the order of the expansion. The regular integrands and the finite integration region ensure the validity of the interchange of integration and expansion. Keeping of the order of ten terms in the expansion in (1Ϫx) leads to a hadronic result that is already phenomenologically equivalent to the analytic result. By evaluating the expansion up to sufficiently high orders, however, one can invert the series ͓53͔ by mapping the expansion onto a set of basis functions. The latter can be deduced from the known NNLO Drell-Yan result ͓3,41͔.
All algebraic manipulations are performed with the help of the program FORM ͓54͔.
For a consistent treatment of the NNLO process, it is not sufficient to evaluate only the partonic cross section at NNLO. Another ingredient is the proper parton densities, obeying NNLO Dokshitzer-Gribov-Lipatov-Altarelli-Parisi ͑DGLAP͒ evolution. At present, only approximate evolution kernels are known, derived from moments of the structure functions ͓55-57͔. On this basis, approximate NNLO parton distribution sets have been evaluated ͓58͔. We use this set in all of our numerical analyses below. Once parton distributions that use exact NNLO evolution become available, it is a straightforward task to update the analysis using the partonic results presented in Appendix A.
Let us now turn to the underlying interaction and the renormalization of the partonic results. We ignore the bottom quark mass and the electroweak interactions, so for our purposes, the Lagrangian is
where F a is the gluon field strength tensor, D is the QCD covariant derivative, and the sum runs over the quarks
B is a bare bottom Yukawa coupling constant. In the modified minimal subtraction (MS) scheme, the scalar coupling is renormalized such that
where ϭ(4ϪD)/2 and D is the number of space-time dimensions in which we evaluate the loop ͑and phase-space͒ integrals. Z m (␣ s ) is identical to the quark mass renormalization constant of QCD ͓59,60͔. Here and in the following, we use the short hand notations b ϵ b (n f ) ( R ) and ␣ s ϵ␣ s (n f ) ( R ) for the MS-renormalized Yukawa and strong coupling constants, respectively. R is the renormalization scale, and n f is the number of ''active'' quark flavors. We will set n f ϭ5 in our numerical analyses. There are ͑at least͒ two methods of obtaining the result for pseudoscalar production. The first is to replace the Yukawa interaction term in Eq. ͑5͒ with a pseudoscalar interaction,
and proceed by direct calculation. The second method is to exploit the chiral symmetry of the bottom quarks in Eq. ͑5͒, which implies that we are free to perform independent left-handed and right-handed phase rotations of the bottom quarks. If we perform the rotation
͑8͒
the Lagrangian becomes 1 We refrain from quoting terms proportional to ␥ E and ln 4 that drop out of MS-renormalized quantities. 
͑9͒
and we find the same interaction Lagrangian as in Eq. ͑7͒. This implies that the cross section for pseudoscalar Higgs boson production, written in terms of the Yukawa coupling b , is identical to the cross section for scalar Higgs boson production to all orders in ␣ s .
Following the prescription of Larin ͓61͔ 2 for the treatment of ␥ 5 in dimensional regularization, we have performed the direct calculation through NNLO and find that this is indeed the case.
Even in the direct calculation, one can see that this identity will hold to all orders in ␣ s with the following argument. If we square the amplitude before computing loop integrals, all fermion lines are closed loops. The fact that we set the bottom quark mass to zero means that both Higgs boson vertices ͑in both the scalar and pseudoscalar cases͒ must appear on the same fermion line. If only one Higgs vertex were to appear on a fermion line, there would be an odd number of ␥ matrices in the fermion trace which would therefore vanish. In the pseudoscalar case, this means that nonvanishing fermion traces must contain either zero or two ␥ 5 matrices. The prescription of Larin ͓61͔ allows one to assume anticommutativity of ␥ 5 and identify ␥ 5 2 ϭ1 when two ␥ 5 -matrices are on the same fermion line. Thus, the ␥ 5 -matrices can be eliminated and we see that the calculation for pseudoscalar Higgs boson production is identical, diagram by diagram of the squared amplitude, to that for scalar Higgs boson production, apart from the different Yukawa couplings.
For the sake of completeness, let us remark that the standard model value for the coupling constant is given by b ϭͱ2m b /v, where vϷ246 GeV is the vacuum expectation value for the Higgs boson field, and m b is the running MS mass of the bottom quark, m b ( R ), evaluated at the renormalization scale R . In the MSSM we have
͑10͒
The renormalized partonic results have a dependence on the unphysical scales F and R , both explicitly in terms of logarithms, and implicitly through the parameters ␣ s ( R ) and b ( R ). The variation of ␣ s and b with R is governed by the renormalization group equations ͑RGEs͒
where
Here, n ϵ(n) is Riemann's -function ( 3 Ϸ1.20206). In order to evaluate ␣ s ( R ) from the initial value 3 ␣ s (M Z ), ␤(a s ) is expanded up to ␣ s ᐉ , with ᐉϭ1 at LO, ᐉϭ2 at NLO, and ᐉϭ3 at NNLO. The resulting differential equation of Eq. ͑11͒ is solved numerically.
In order to evaluate b () from its initial value ( 0 ), we combine the two RGEs of Eq. ͑11͒ to obtain
␤ i m and ␥ i have been defined in Eq. ͑12͒. Both a s () and a s ( 0 ) are calculated from ␣ s (M Z ) using the procedure de-scribed above. Working at LO ͑NLO, NNLO͒, we truncate the term in braces at order a 0 (a 1 ,a 2 ). Convolution of the partonic cross section with the parton densities cancels the F dependence up to higher orders and results in the physical hadronic cross section. The variation of the hadronic cross section with F and R is thus an indication of the size of higher order effects.
IV. RESULTS
The analytic expressions for the partonic cross section are quite voluminous and will be deferred to the Appendix. In this section, we study the behavior of the NNLO result with respect to variations of the input parameters, in particular the Higgs boson mass and the collider type ͑LHC and Tevatron͒. Special emphasis is placed on the variation of the results with the renormalization and factorization scale, from which we estimate the theoretical uncertainty of the prediction for Higgs boson production in bb annihilation.
Because the cross sections for the neutral Higgs bosons in bb annihilation differ only in the magnitudes of the Yukawa couplings ͑within our approximations͒, we will restrict our discussion to the production of a standard model Higgs boson. In the limit that supersymmetric partners are heavy, their virtual contributions are insignificant and the predictions for supersymmetric Higgs bosons can be obtained from the standard model values by rescaling them with the proper coupling constants ͓cf. Eq. ͑10͔͒.
All the numerical results have been obtained using Martin-Roberts-Stirling-Thorne ͑MRST͒ parton distributions. In particular, we use the MRST2001 sets ͓62͔ at LO ͓␣ s (M Z )ϭ0.130͔ and NLO ͓␣ s (M Z )ϭ0.119͔, and MRST-NNLO ͓58͔ at NNLO ͓␣ s (M Z )ϭ0.1155͔.
In order to obtain an overall picture of the renormalization and factorization scale dependence of the cross section, we plot "pp→(bb )HϩX… for ͱsϭ14 TeV as a function of the two parameters F and R in Fig. 5 . The corresponding plot for the Tevatron, i.e., "pp →(bb )HϩX… for ͱs ϭ1.96 TeV, is shown in Fig. 6 . The Higgs boson mass is fixed to M H ϭ120 GeV. Subpanels ͑a͒, ͑b͒, and ͑c͒ show the LO, NLO, and NNLO prediction, respectively. Note the extremely large variation of the scales, by a factor of 10 above and below M H . Apart from the region of large F and small R , one observes a clear reduction of the scale dependence with increasing order of perturbation theory, both for F and R . Notably, we find minimal radiative corrections and a particularly weak dependence on the renormalization and factorization scales in the vicinity of ( R , F ) ϭ(M ,0.25 M )ϵ( R , F ). This agrees with the observation of Ref. ͓17͔ that the proper factorization scale for this process should be around F ϭM /4.
To illustrate this observation, we display separately the R -and F -variation of the cross section at the LHC in Fig.  7 for M H ϭ120 GeV, and in Fig. 8 for M H ϭ300 GeV. In subpanels ͑a͒, the factorization scale is fixed to F ϭ F ϭ0.25M H , and the renormalization scale is varied within 0.1р R /M H р10. In subpanels ͑b͒, the renormalization scale is fixed to R ϭ R ϭM H , and the factorization scale is varied within 0. dependence with increasing order of perturbation theory is clearly visible. As opposed to the lower order curves which have a monotonic dependence on R/F within the displayed range, the NNLO curves develop a maximum, so that it is possible to define a ''point of least sensitivity'' for them. In all cases, this falls nicely into a region where the radiative corrections are small. Note also that the central values for the NNLO curves are perfectly consistent between panels ͑a͒ and ͑b͒. These observations confirm that F ϭ0.25M H and R ϭM H are indeed the appropriate scale choices for this process.
The corresponding curves for run II at the Tevatron are shown in Fig. 9 ͑we only show results at the Tevatron for M H ϭ120 GeV). As opposed to the LHC, the reduction of the renormalization scale dependence with increasing order of perturbation theory is less drastic. One even observes a slight increase in the R dependence between NLO and NNLO. However, the absolute variation is very small. The factorization scale dependence is quite similar to that observed for the LHC. Again, the central values for the NNLO curves of subpanels ͑a͒ and ͑b͒ coincide nicely. Note that the cross section at the Tevatron is typically about two orders of magnitude smaller than at the LHC. Figure 10͑a͒ shows at NLO, and 5% at NNLO for M H ϭ300 GeV.
The cross section for the Tevatron at ͱsϭ1.96 TeV center-of-mass energy is shown in Fig. 10͑b͒ . Here the renormalization scale dependence within the range 0.1р R /M H р10 at NNLO is larger than the factorization scale dependence ͑cf. Fig. 9͒ . Nevertheless, we apply the same prescription as for the LHC and plot the LO, NLO, and NNLO cross 
This is justified since R -variation on absolute scales is still very small, in particular if it is restricted to a more reasonable range of about a factor of five above and below M H . We obtain a reduction of the scale uncertainty at the Tevatron for M H ϭ120 GeV from around 60% at LO to 30% at NLO to 10% at NNLO.
V. CONCLUSIONS
We have computed the total cross section for Higgs boson production in bb fusion at NNLO in QCD. We have argued that the NNLO plays an exceptional role in this process, as it incorporates all subleading logarithms at order ␣ s 2 . The results are very stable with respect to changes of the renormalization and factorization scales. We find that the radiative corrections are particularly small at factorization scales of around F ϭM /4, in agreement with the arguments of Refs. ͓17,38͔.
We conclude that the inclusive cross section for Higgs boson production in bottom quark annihilation at hadron colliders is under good theoretical control.
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APPENDIX: PARTONIC RESULTS
It is convenient to write the partonic cross section in the following way: 
͑A2͒
The correction terms are written as a perturbative expansion:
Explicit dependence on the number of active flavors n f appears only at NNLO. Because the terms are large and cumbersome, it is convenient to write
All results will be presented for the scale choices F ϭ R ϭM . The corresponding expressions for general values of F and R can be reconstructed from renormalization scale invariance of the partonic, and factorization scale invariance of the hadronic cross section. 4
The bb subprocess
In the VFS approach, the tree-level bb annihilation term is the LO contribution. Thus, this is the only term for which ⌬ i j (0) (x) does not vanish. The LO contribution to bb → ϩX is
The NLO contribution is 
